This study was carried out at the experimental farm of Rice Research and Training Center (RRTC), Sakha, Kafr El-Sheikh, Egypt, to study combining ability and heterosis in a diallel mating design among six rice genotypes (excluding reciprocals), using six varieties namely Sakha 101, Sakha 103,Giza177,Giza176 and Giza159 and BL1. An experiment was conducted during 2014, 2015 growing seasons and designed in a randomize complete block with three replications. Data were recorded on eleven traits; heading date, chlorophyll content, flag leaf area, plant height, number of tillers/plant, panicle length, panicle weight, panicle fertility (%),1000-grain weight and grain yield /plant. The results revealed that, the genotypes were highly significant different in all studied characters. The crosses Sakha 103 × BL1 and Giza177 x BL1 showed positive and significant heterosis for mid and better parents for most studied traits. The parent Giza176 was good general combiner for most studied traits. The cross Sakha 101 × BL1 showed positive and highly significant of specific combining ability effects for grain yield and its components.
INTRODUCTION
Rice (Oryza sativa L.) is one of the most important crops that provide food for about half of the world population and will continue to occupy the pivotal place in global food and livelihood security systems. Genetic variability for agronomic traits is the key component of breeding programs for broadening the gene pool of rice and other crops. In Egypt, rice constitutes one of the main agricultural exports .During 2012 season, the area cultivated with rice was 1.42 million feddans with an average of 4.15 t /fed, and total production of 5.89 million tons (Rice Research Training Center Proceeding,2012). The phenomenon of heterosis has been a powerful force in the evolution of plants and it has been exploited extensively in crop production which is the greatest practical achievement of the science of genetics and plant breeding (Satheeshkumar and Saravanan, 2013) . Heterosis in crops has contributed greatly to global crop production improvement in recent decades (Schnable and Springer, 2013) . Heterosis describes improved performance of heterozygous F 1 hybrids in terms of stature, biomass, size, yield, speed of development, fertility, resistance to diseases and insect pests, or to climatic rigors of any type compared to the average performance of their homozygous parental inbred lines (
Dan et al., 2013).
The diallel analysis have been used in recent years by many breeders to evaluate parental materials before taking any decisions concerning the type of breeding system to be used in this concern. So, combining ability analysis is the most widely used biometrical tool for classifying lines in terms of their ability to combine in hybrid combinations. With this method, the resulting total genetic variation is partitioned into general combining ability, measuring additive gene action and specific combining ability, measuring non-additive gene action (Hammoud, 2004 . The main objective of the present investigation is to study the genetic parameters such as heterosis and combining ability for the yield, its components and some agronomic characters in six rice genotypes of diverse origin and their F 1 hybrids.
MATERIAL AND METHODS

Plant materials
The present study was carried out at the Experimental Farm of the Rice Research and Training Center (RRTC), Sakha, Kafr ELSheikh, Egypt, during two successive rice growing seasons, 2014 and 2015.Type, parentage and origin of six Egyptian rice cultivars Sakha 101, Sakha 103, Giza177, Giza176, Giza159 and BL1 which used in this study are shown in table (1). The six genotypes were sown in the summer growing season of (2014) in three sowing dates. A half diallel design was conducted among the six parents to produce fifteen crosses. The hybridization technique of Jodon (1938) and modified by Butany (1961), was utilized. The parental varieties and the resulted crosses evaluated in a Randomized Complete Block Design (RCBD) Experiment with three replications.
Data collection
Fifteen randomly individual rice plants from each genotype were taken from each replicate to collecte Days to 50% heading (days), plant height (cm), flag leaf area (cm 2 ), total chlorophyll content ,number of tillers/ plant, panicle length (cm), panicle weight (g), 1000-grain weight (g), fertility percentage and grain yield / plant (g).
Statistical Analysis Analysis of variance:
The data were subjected to Randomized Complete Block Design (RCBD) according to Snedecor and Cochran (1967) . Hybridization among these six parents were used in the next experiment using method 2, model 1 of Griffing (1956) which is fixed. The statistical analysis was conducted following Singh and Chaudhary (1985) . Combining ability estimates :Data were analyzed according to Cochran and Cox (1967) to test the significance of fifteen different genotypes. The analysis of variance was calculated for each character. Then, the differences between genotypes were further partitioned to GCA and SCA, following Griffing (1956) (method-2, model-1) as a fixed model. Variances due to general and specific combining abilities were estimated. The estimation of heterosis: heterosis of an individual cross for each trait was determined as the increase of the F 1 hybrid mean over either mid parents and better parent, these proposed by 
RESULTS AND DISCUSSION
Mean Performance
The mean performance of parental varieties and their 15 F 1 hybrids for all studied traits are presented in (Table 2) . Regarding plant height the shortest plant height is desirable. The two parents BL1 and Sakha101 were recorded the lowest mean values (98.00 and 89.70cm). Giza159 was the most undesired genotype in this regard, it recorded 130.6 cm. Most crosses involving the tall variety Giza159 recorded generally high mean values. Results showed also that most of the studied parents were 100 cm or shorter than100 cm (except for Giza159), at the same time, most of the crosses exhibited long stature plants. Tall plants usually will have lodging problem and low response to nitrogen fertilizers with low harvest index which is not preferable in case of cereal crops like rice. Concerning days to heading, the best performing parent was Sakha103 since rice breeder is looking for early maturing genotypes to save water and land for intensive cultivation systems. Meanwhile, all parents except Giza159 were desirable genotypes in this regard. Results showed that most of the crosses exhibited desirable values in this regard such as Giza159 x Sakha103and Sakha101 x Sakha103.
For No of tillers / plant most of the parents had desirable values, while most of the crosses had lower number of tillers per plant compared with their respective parents. For flag leaf area results indicated that most of the F 1 values was towards their mid parent values. For panicle length the highest parental value was 25.33cm in Giza176 variety. Results revealed that most of the hybrids had better values for panicle length than their parental genotypes. As panicle weight results showed that few crosses had a higher mean values over their parents but most of crosses recorded generally lower mean values compared with their respective parents. 1000-grain weight mean values for parents ranged from 20.33 to 28.33gm in BL1 and Giza176 respectively. The crosses had in general, higher mean values, indicating the feasibility of improvement for this trait using these set of genotypes. For fertility percentage the parental lines ranged from 98.13% for Giza159 to 91.3 % in Giza176. Generally, most of the crosses showed lower mean values than their respective parents. For weight of grain yield (gm), the highest mean value was recorded in the cross Giza159x Giza176 (63.00gm) Also for the parents Giza176 had the highest mean value (62.33). 
Analysis of variance and combining ability estimation
The results in Table 3 showed that there were highly significant differences among the genotypes, the parents, and their F 1 crosses for all traits. The mean squares of the interaction between parents and their crosses were highly significant for all traits. These results indicating the significance of heterosis. These finding are coherent with that of Mazal (2008) and Anis (2013). Both general and specific combining ability variances were found to be highly significant for all studied traits, indicating the importance of both additive and nonadditive genetic variances in determining the inheritance of the studied traits. The estimated GCA/SCA ratios were found to be greater than unity for all studied traits these finding indicated that the additive type of gene action played a major role in the inheritance of these traits. Therefore, it could be concluded that selection procedure based on the accumulation of additive effect would be successful in improving these traits Dominance controls the inheritance of some traits and it is generally towards earliness, tall plants, long, heavy and large number of panicles (Li and Chang, 1970 *, ** Significant at 0.05 and 0.01 levels of probability, respectively.
General Combining ability estimates
Highly significant positive values of GCA effects would be interest in most traits under study except for days to 50% heading, plant height, whereas the highly significant negative values would be useful from the breeder's point of view. From the above mentioned results (table4), it could be concluded that Giza176 is considered as a good combiner for improving the some traits such as plant height, flag leaf area, chlorophyll content, number of tillers/plant, panicle length and spikelet fertility and grain yield/plant while, Sakha101 was a good combiner for 1000-grain weight and grain yield/plant. *, ** Significant at 0.05 and 0.01 levels of probability, respectively.
Specific Combining Ability (SCA) effects of tested crosses for studied traits:
From the results in Table 5 , The crosses Giza176 x Giza177, Sakha101 x BL1, Sakha103 x Giza177, and Giza159 x BL1 showed highly significant estimates of SCA effects for plant height, days to 50% heading , flag leaf area, chlorophyll content and number of tillers/ plant. Meanwhile, crosses Sakha101 x BL1, Giza177 x BL1, Giza159 x Giza176 and Sakha103 x Giza177 showed highly significant estimates of SCA effects for all panicle length, panicle weight, fertility%, 1000-grain weight and grain yield characters. they found to be the best cross combinations for this two traits Sakha101 x BL1 and Giza177 x BL1. *, ** Significant at 0.05 and 0.01 levels of probability, respectively.
Heterosis estimates:
High positive estimates of useful heterosis, expressed as the percentage deviation of F 1 mean performance from standard heterosis, better parent and mid-parent would be great interest, except for plant height and days to heading characters, whereas the negative estimates are the preferable in rice breeding studies (Abd Allah, 2000). Data of heterosis estimates over mid, better parents for vegetative and yield traits are presented in Table (6 and 7) .
Results showed that all the crosses were moving towards tallness when one of the parents was tall. The cross Sakha103 x Giza177 followed by Giza176 x Sakha103 scored highest negative significant value of heterosis over mid-parent for plant height character. Meanwhile, Giza176 x Sakha103 showed highest negative significant value of heterosis over better parent for the same trait. These findings are coherent with that of El-Refaee (2002) and Hammoud (2004) . For days to 50% heading, highly significant and desirable negative heterosis estimates over mid-parent were scored in five crosses namely, Giza159 x Sakha103, Giza159 x BL1, Giza159 x Giza177, Giza159 x Giza176 and Sakha101 x Sakha103, their estimated values were (-12.85,-12.50, -8.39, -7.11 and -3.91) , respectively . on the other hand, heterosis estimates over better parent were negative significant in only one cross Giza159 x BL1 (-3.75). (2015) reported similar trends of heterosis concerning days to 50% heading. In respect to number of tillers/ plant, four crosses gave positive and highly significant heterosis estimates over mid-parent and ranged from 20.61 in the cross Giza176 x Sakha103 to 40.49 in the cross Giza176 x Giza177. Also, the same three crosses gave positive highly significant estimates of heterosis over better parent namely Giza159 x Giza176, Giza176 x Sakha103 and Giza176 x Giza177 (26.27, 12.86 and 39.35, respectively) . The results mentioned above are in a full agreement with that of El-Refaee (2002). For chlorophyll content and flag leaf area the best cross Sakha101 x BL1 positive significant and highly significant estimates of heterosis over mid and better -parent . Sakha101 x BL1 showed highest positive significant value over better and mid-parent for flag leaf area trait. The crosses Giza 159 x Giza176, Sakha101 x Giza179 and Giza177 x BL1 scored highest significant values of over better and mid-parent for panicle length characters. These findings are in agreement with reports of El-Refaee (2002) and Abd El-Lateef et al.
(2003).
Meanwhile, for panicle weight the cross Giza176 x Sakha101 was highest significant value over mid and better parent but the cross Giza177x BL1 and Sakha101 x BL1 record highest significant value over mid and better parent for 1000 -grain weight. *, ** Significant at 0.05 and 0.01 levels of probability, respectively.
